We describe the characterization of a novel Rickettsia species cultivated from Dermacentor ticks collected in Russia and France, for which we propose the name Rickettsia raoultii sp. nov. Using multigene sequencing, we demonstrated that five rickettsial isolates from Dermacentor silvarum, Dermacentor reticulatus, Dermacentor marginatus and Dermacentor nuttalli ticks were classified within this novel spotted fever rickettsia species. This rickettsia also exhibited a serotype distinct from previously described Rickettsia species. The type strain of Rickettsia raoultii sp. nov. is strain Khabarovsk T (5CSUR R3 T 5ATCC VR-1596 T ).
In 1999, three novel rickettsial genotypes, RpA4, DnS14 and DnS28, were identified in ticks collected in Russia using PCR amplification and sequencing of the rrs (16S rRNA), gltA and ompA genes (Rydkina et al., 1999) . Rickettsia sp. genotypes DnS14 and DnS28 were detected in Dermacentor nuttalli ticks collected in Siberia, whereas genotype RpA4 was detected in Rhipicephalus pumilio ticks collected in Astrakhan (Rydkina et al., 1999) . A later study demonstrated that Dermacentor ticks naturally infected with genotypes DnS14, DnS28 and RpA4 harbour these rickettsiae throughout the life cycle and that transovarial and transstadial transmission occurs (Samoilenko et al., 2003) . These rickettsial agents form a reliable cluster within the Rickettsia massiliae group (Rydkina et al., 1999) . This rickettsial group has been defined phylogenetically and phenotypically (Roux et al., 1996b; Rolain et al., 1998; Drancourt & Raoult, 1999) and it consists of R. massiliae, Rickettsia rhipicephali, Rickettsia aeschlimannii and Rickettsia montanensis, which exhibit a unique feature within the genus Rickettsia, their resistance to rifampicin caused by a Phe-to-Leu mutation within the rpoB gene (Drancourt & Raoult, 1999; Rolain et al., 1998) . Due to their phylogenetic homogeneity, it was suggested that Rickettsia sp. genotypes DnS14, DnS28 and RpA4 belonged to a novel species (Rydkina et al., 1999) . Genotypes identical to DnS14, DnS28 and RpA4 have also been detected in Dermacentor ticks from the European part of Russia (Shpynov et al., 2001 (Shpynov et al., , 2004 , Spain (Ibarra et al., 2006) and Croatia (D. Raoult, personal communication) . In 2002, we detected Rickettsia sp. genotype DnS14 by PCR in a Dermacentor marginatus tick taken from the scalp of a patient who had developed a typical clinical picture of tickborne lymphadenitis (TIBOLA) in France.
Herein, we describe the first cultivation of two rickettsial isolates genetically identical to Rickettsia sp. genotype DnS14 (Rydkina et al., 1999) , two rickettsial isolates genetically identical to Rickettsia sp. genotype RpA4 (Rydkina et al., 1999) and one rickettsial isolate genetically identical to Rickettsia sp. genotype DnS28 (Rydkina et al., 1999 (Qiagen) according to the manufacturer's instructions. Sequencing of the 16S rRNA, gltA, ompA, ompB and sca4 genes was attempted from all five isolates using previously described primers and PCR conditions (Roux & Raoult, 1995 , 2000 Roux et al., 1996a Roux et al., , 1997 Sekeyova et al., 2001) . PCR products of the expected sizes were obtained from all five genes. Sequences were edited by removal of regions of ambiguity at the 59 and 39 ends so that their lengths were 1424, 1134, 590, 4890 and 3028 bp, respectively, for the 16S rRNA gene, gltA, ompA, ompB and sca4. Accession numbers for these sequences are reported in Table 1 . Isolates Khabarovsk T and Shayman exhibited identical sequences and their 16S rRNA gene and gltA sequences were identical to those of Rickettsia sp. genotype DnS14 (Rydkina et al., 1999) . Isolates Marne and 8/9 Karaganda also exhibited identical sequences and their 16S rRNA gene and gltA sequences were identical to those of Rickettsia sp. genotype RpA4 (Rydkina et al., 1999) . Isolate Elanda-23/95 exhibited 16S rRNA gene and gltA sequences identical to those of Rickettsia sp. genotype DnS28 (Rydkina et al., 1999) . The phylogenetic relationships of Rickettsia sp. strains Khabarovsk T , Marne and Elanda-23/95 with all Rickettsia species with validly published names for which 16S rRNA, gltA, ompA, ompB and sca4 gene sequences are available (Table 1) were evaluated for each gene using the neighbour-joining and maximum-parsimony methods within the MEGA 3.1 software (Kumar et al., 2004) and the maximum-likelihood method within the PHYLIP software package (Felsenstein, 1989 (Fournier et al., 2003) . In contrast, similarity values higher than these cutoffs were found between strains Khabarovsk T and Marne (99.9, 99.9, 99.5, 99.6 and 99.5 %), Khabarovsk T and Elanda-23/95 (99.9, 99.7, 99.5, 99.9 and 99.5 %) and Marne and Elanda-23/95 (99.9, 99.9, 99.3, 99.5 and 99.2 %). Therefore, on the basis of genotypic criteria, Rickettsia sp. strains Khabarovsk T , Marne and Elanda-23/95, although closely related to members of the R. massiliae group (Fig. 1) , belonged to a single distinct species. In addition, we compared Rickettsia sp. strains Khabarovsk T , Marne and Elanda-23/95 to 'Rickettsia amblyommii' (Burgdorfer et al., 1981) , also classified phylogenetically within the R. massiliae group. We found degrees of nucleotide sequence similarity of Rickettsia sp. strains Khabarovsk T , Marne and Elanda-23/95 with 'R. amblyommii ' of 99.1, 98.8, 97.3 and 96.3 %, 99.3, 98.8, 97.1 and 96.2 % and 99.2, 98.6, 97.3 and 96 .0 %, respectively, for the 16S rRNA, gltA, ompA and ompB genes, thus classifying it in a different species.
For further tests, we selected strains Khabarovsk T and Marne as representatives of this novel species. The G+C contents of strains Khabarovsk T and Marne estimated by sequencing the ftsY gene as previously described (Fournier et al., 2006) were 33.9 and 33.8 mol%, respectively. By amplification and sequencing of a 364 bp rpoB fragment of Rickettsia sp. strains Khabarovsk T and Marne as described previously, we identified the mutation that confers rifampicin resistance in both strains previously identified in members of the R. massiliae group (Drancourt & Raoult, 1999) . Mouse serotyping was conducted by microimmunofluorescence (MIF) as described by Philip et al. (1978) . We used as antigens Rickettsia sp. strains Khabarovsk T and Marne, R. rhipicephali Burgdorfer 3-7-female 6 T , R. aeschlimannii MC-16 T , R. massiliae Mtu1 T and R. montanensis M/5-6, cultivated on L929 cells as described previously (Marrero & Raoult, 1989) . Strains Khabarovsk T and Marne caused cytopathic effects after 5 days of incubation. If the specificity difference (SPD) was ¢3, the isolates were assumed to belong to different serotypes. Using serum from mice immunized with strain Khabarovsk T , we found MIF antibody titres of 1 : 512 to the homologous antigen and to strain Marne and of 1 : 256 to the other four tested antigens. Using serum from mice immunized with strain Marne, we found MIF antibody titres of 1 : 512 to the homologous antigen and strain Khabarovsk T and of 1 : 128 to the other four antigens. Serum from mice immunized with R. massiliae Mtu1 T produced antibody titres of 1 : 1024 to the homologous antigen and of 1 : 256 to strains Khabarovsk T and Marne. Serum from mice immunized with R. aeschlimannii MC-16
T produced antibody titres of 1 : 1024 to the homologous antigen and of 1 : 256 to strains Khabarovsk T and Marne. Serum from mice immunized with R. rhipicephali Burgdorfer 3-7-female 6 T produced antibody titres of 1 : 1024 to the homologous antigen and of 1 : 256 to strains Khabarovsk T and Marne. Finally, using serum from mice immunized with R. montanensis M/5-6, we found antibody titres of 1 : 256 to the homologous antigen and of 1 : 32 to strains Khabarovsk T and Marne. On the basis of these results, the SPD between these rickettsiae was 1, 4, 4, 3 and 4, respectively, between strain Khabarovsk T and strain Marne, R. massiliae, R. aeschlimannii, R. rhipicephali and R. montanensis. The SPD was 4, 5, 4 and 3, respectively, between strain Marne and R. massiliae, R. aeschlimannii, R. rhipicephali and R. montanensis. Therefore, the genotypic and serotypic specificity of Rickettsia sp. strains Khabarovsk T and Marne justify their classification within a distinct species. Using scanning microscopy, the cell length of isolate Khabarovsk T varied from 0.6 to 2.0 mm and the mean diameter was 0.4 mm (Fig. 2a) and, using transmission electron microscopy, it was found free within the cytoplasm of L929 cells, but not in the nucleus (Fig. 2b) 
